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SUMMARY

This report investigates the use of a 512 element
linear photodiode array to determine the position of a model
in a magnetic suspension wind tunnel.

A suiteble opticel system is developed and & circuit
is designed to give a digitel and analogue output of position,
This is incorporated into the heesve control loop of an
existing magnetic suspension wind tunnel eand is shown to
operate setisfactorily. Investigstions are carried out into
the immunity of the array output to smoke inserted in the
wind tunnel and a number of recommendations are made for

further work.
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1, INTRODUCTION

This project investigetes the use of a self scanned
linear photodiode array to determine the position of a model

in a magnetic suspension wind tunnel, This tunnel suspends

.
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the model without any requirements for struts to hold it
stable thus enabling realistic observations of windflow
around the model., However an accurate method is needed to
determine the position of the model in order to control
the magnetic field exerted on it,

. At present the only method used to detect the position
is to cause the model to intercept a light beam, The amount
of light then passing determines the position of the model b
and is detected by a photosensor whose output is used to

control the magnetic field strength - see figure 1.

~
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Figure 1, Light Beam Position Sensing

There are three advantages of using a photodiode array:

(i) To overcome problems of photosensor sysfem when

1y

smoke is inserted into the tunnel to investigate

[
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2, SCLF SCALUED PHOTODIODE ARRAYS

-

1

This section provides Background information on self
|
scanned photodiode arrays and some detailed information on

the Integrated Photomatrix Ltd. system used in the project.

2,1 DEVELOPMENT OF PHOTODIODE ARRAYS

The possibility of forming image sensors from arrays
of silicon photodiodes on a single silicon chip had been
recognized since the inception of Integrated Circuit tech-
nology some twenty years ago, Two problems immediately
faced the designers: 7

Firstly, the array size was limited not by the number
of diodes that could be incorporated on the silicon, but by
the number of output leads necessary to form connections
to these diodes. To circumvent this problem, it was
necessary to scan the diodes and thus to multiplex them into
a single output lead by meens of switching cireuitry on the
same chip.(1)

The second problem was that of detecting the minute
photocurrents produced by the very small diocdes, This wes
overcome by using the method of charge integration(1) (2)
see section 2.2,

Early development was spurred by one mzin advantage
as seen then over electron image scanning tubes such as the
vidicon., This was the diodes lack of retention of previous
images, which enabled completely new information to be read
out at each scan of the array. However a further unique
property of such arrays was only realized later - that
of the high positional accuracy (better than 10-6m.) of
each diode which made optical gauging systems, and position
sensing systems such as developed in this project possible.

Serially multiplexed arrays up to 2048 photodiodes

and over 25mm have now been built with scan rates up to

10 MHz, Meanwhile 2 dimensional arrays of 256 by 256 diodes
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have become possible. These are used for srea gauging,

character recognition, guidance systems, and in the future

(2)(3)

[

for television imaging.

2.2 SCANNING METHOD AND CHARGE INTEGRATION

The photodiode array to be used incorporates MOS
transistor switches which access each diode individually
and connect it to a common video output line, The switches
are turned on and off in sequence by two internal shift
registers, each register accessing alternate diodes. These
registers are physically placed along with their associated
MOS switches on the two opposite sides of the array since
this arrangement enables the closest possible stacking of
the diodes to be achieved. Two non-overlapping clock pulse
trains drive the registars.(B)(a)

The photodiodes operate in a reverse bias light
integrating mode, Across each photodiode there is a
parallel storage capacitor, The initial scan- pulse propa-
gating through the shift register cause each photodiode
capacitor in turn to be charged to some negative voltage
of a few volts thus reverse biasing the photodiode. Under
dark conditions this charge will be held sensibly constant
for a period of the order of 1ms.(1). However if light is
present, the capacitor will lose charge through the photo-
diode. When the next scan pulse reaches the photodiode,
the capacitor is recharged to its original level. The charge
pulse required to do this, is of course, equal to the total
charge lost, and becomes the video output signal, It is
also the photocurrent integrated over the whole period so
this time between successive scan pulses is known as the
integration time or scan time,

See appendix 2 for a simplified circuit diagram of the

array.
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2.3 THE '"INTEGRATED PHOTOMATRIX' ARRAY SYSTEM

For this project a 512 element a&ray produced by
Integrated Photomatrix Ltd. was used, along with their own
processor and driver boards,

The complete system consists of three boards: an array
board, a driver board and a processor board, Ffigure 3
shows a block disgram of the system, The array board con-
sists of a socket for the array, clock drivers and a
pre-amplifier, The driver board contains a master clock
oscillator and logic to generate the clock and scan pulses
for the array and synchronised pulses for the signal
processor, The processor board produces a 10 volt maximum
boxcar video output from an integrator and sample and hold
circuits. Figure 2 shows a typical video output from the

board system with the array half covered,

10v output

corresponding

to 1illuminated e
part of array.

10v — : :
Ov output
corresvonding
to dark part
tf‘ array. l
Oov ;

Scan Time

~

Tine N
rd

Figure 2, Typical Video Dutput for Array Hzlf Covered

A number of signals are available from the boards., The

following are used : the video output signal, scan start

A and B pulses and the oscillator output(s).
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The photodiodes have a pitch of 0.001 inches (=0.025mm)
and thus the total array leﬁgth is 0,512 inches (=13mm), |
The array width is 0.005 inches, ©GLach photodiode has a
light sensitive surface covering 90% of its length., More
detailed performance figures are quoted in the information

sheet in appendix 2.
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3, ILLUMINATION OF THE ARRAY

=

The method of illuminating the erray is very important

and is considered in this section,

3.1 EATSTING SYSTEM FOR PHOTOSENSGRS

The illuminstion system used in the wind tunnel for

the photosensors is shown in figure 4,

Bulb
filament
mounted Pens Model Lens
vertically _L Photosensor
i ' 3
‘ o —
;
Horizontal
narrow slit
perpendicular
to filament. (Approx. 5mm) w
¢ 3 fe |
l 7:6cm’] " Approx. 50cm, 7l

=focal length
of lens.

Fiqure 4. Tllumineticn Svstem for Photosensors

As the model moves down, it intercepts more light. Therefore
the photosensor gives a lower output and the position of the
model cean be determined by this current. The 10 watt bulb

has a very fine, closely wound filament, A lens is

~mounted at its focal length from the filament thus giving

as ctlosely as possible the effect of a parallel beam of

light output. This beam is shone through a narrow slit

which is perpendicular to the filement to effectivély give

a8 point source of light., This arrangement gives & very sharp

image and uniform light intensity across the Leam.



J.2 LIGHT SCOURCE FOR ARRAY

It would have becen convenient to use one of the existing
light sources for the photodiode srrsy in the wind tunnel 7
but it was discovered thast the 10 wett bulbs were not

bright Enouéh to use for this purpose, Therefore a different

bulb was reaguired which must be run from a d.c. source,

ili

L = . )

A 55 watt, 12 volt halogen car headlamp bulb was selected
for use, The &@im wes to .et the tramsition between light
and dark on the array window to be as sharp as possible to

give the squarest video output from the driver board, znd

A

CENERENNENECINC

to obtain uniform light intensity across the beam. Four

factors affect the operation and will be discussed in turn:

(i} Intensity of source.

(ii) DBackground lighting.

(iii) Focusing of image,
(iv) ‘“avelength of light source,

LY

3,2.,1 Intensity of Source

The illuminated video level output from the IPL board
can be edjusted with a2 preset from 1 volt to 10 volts.
However a certein minimum intensity of light is required
before the output reaches the level set by the preset -
this intensity being the same recnrdless as to where the
preset is adjusted to, figure 5 shows three video output
waveforms for differing light intemnsity. In all of them
the preset is azdjusted to give maximum (10 volt) illuminated
output and the chip is covered at s point approximately two
thirds of the way across using the lighting arrangement
shown in figure 4, (with headlamp bulb, and photodiode
array placed where second lens is),

The first waveform shows the video output when the
intensity of the source is turned down to give a 5 volt
illuminated output., The second shows the video output when
the source has just been turned up enough to give a 10 volt

illuminated output, and the third waveform when the source
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Plot Flot 1. Light intensity adjuated to give 5v 111um1nated output._¥i"'

Plot 2. Light. intensity. adjusted to give. just 10v 1lluminated output.. . ..l |

% -Plot §;~Light 1ntensitv turned up to glve- much more lipht than- required for":;
T e SRR . 10v 111um1nated output.: = .

N
7

Fipure 5. Video Output Waveforms for Different Lipht Inten51ties.
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has been turned to its maximum intensity to give more light

than is required for 10 volts.

An arbitrary voltage (threshold level) is teken on the

falling edge as leing the decision noint to determine the

position of the model. The slope of this edge must
thérefore be‘ébnsidered carefully os the model will appear
to be at slightly different positions for different
threshold levels up and down the slope.

From the three waveforms it can ue seen that the first
two take the same time to change from zero volts to their
maximum level, In other words, the second waveform with
2 10 volt maximum hes z sharper edge than the 5 volt
waveform, This is to te expeclted sc Lhis ed e is & yeo-
metric function of the penumbra (transition from li ht to
dark) only. However the slope of the final weveform in
this diagram is even sharpef. The array is béing
'overloaded' by the intense source and some of the photo-
diodes in the penumbra are giving a2 maximum ten volt
output; see figure 6, Thus the slope is sharpened up.

Three points emerge from this discussion which =211
show that the maximum intensity lignt source possible should
be used:

(i) In order to work with different threshold voltages
for deciding on the point where the video output goes from
light to derk it is evident that the shzrpest edge possible
is required so that the position across the scan changes
the least possible amount when the threshold voltage is
changed, See figure 7.

(ii) As explained in the introduction, one of the objec-
tives of this project is thot one should Le able to intro-
duce smoke into the tunnel without changing the =ensed
position of the model. The effect of smoke will be to re-
duce the intensity of the light source and this will reduce
the slope of the transition edge and eventually bring the

illuminated level output below the threshold level, It is



Light Lens
Source

S1it Light[

-

Model . 3 i
Dark

- Penumhra for
:*'bright source,

Light width
—*‘extended for
very intense
o source, as some
photodiodes
within penumbra
receive enough
1ight to give
max. output.

Pigure 6. Narrowing of Penumbra by a very bright source,

___*_‘——Change in time across the array
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10v a7 with different threshold voltages
gilves a different sensed position
/ s==- of the model, .
Threshold
Voltages.,
\
Ov === \\
Time
Fipgure 7. Zffect of Transition Edge on Sensed Position of Model.
Siit
Model
Source ]%enumbra
a) Wide slit giving large penumbra.
Source w IPenum‘n ra

b) Narrow slit giving small penumbra.

Figure 8. Relationship hetween S1it Width and Penumbra.
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clear therefore that the maximum intensity of light
possible should be used to give illumination 'in hand’
for smoke testis,

(iii) The slit arrangement used for the photosensor
lighting system will be used a2gain for the arrsy. This
slit is made as narrow as p»ossible to give an effective
point source of light. The more intense the light source,
the narrower this slit can be made and tlius the smaller

the penumbra is on the array. See figure B.

3,2.2.Background Lighting

It was discovered thzt 'normal' background lighting

in a room (i.e. not direct sunlight,but room lighting
on,and reflections from outside light) can raise £he unlit
array output to as much as 2 volts, This background
lighting now a2dds to the light from the source., Ffour
waveform plots in figure S show the effect on the trznsition
edge. In =211 of them the board preset is adjusted to give
maximum 10 volts output. The first waveform ;;owsrthe
source intensity adjusted to give 5 volts illuminated
video output with zero background lighting, The second
shows the same source intensity but with 2 volts background
lighting. 'The illuminated level is now 7 volts and the
whole waveform has effectively been moved upwards by 2 volts,
Both these two traces have transition edges which take
the same time to fall. The second pair of waveform plots
have the source adjusted to just give 10v output (with no
background lighting)., One waveform however has no backgrﬁund
lighting, the other has 2 volts, The extra lighting makes
the transition edge sharper but there are two reasons for
requiring a Ov, unlit output:

(i) Results are not repeatable if the beckground level
varies as say the sun goes in and out. O0One must therefore
try and keep background lighting constant a2t some level,

and the easiest thing to do is to try and hold it to give
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zero volts output,

(ii) As discussed in the previous sectian, when emoke
is inserted into the tunnel, the light-output level caomes
down and the low voltage levels on the falling edce move
least, Therefore it is desirable to use this part af the
curve for the light to dark transition point and thus the

background level should be kept to zero volts,

The solution to this problem was found in placing a2 short

collar around the array to cut out most background lighting.

This collar was about 4cm, long with a diameter of approx-
imately S5cm. 1Its internel edges were grooved and pzinted
matt black to cut down internal reflections, As long as
the array was kept away from facing directly into the

room lights or the window, this was found to be sufficient
to keep the dark level to roughly zero volts. Ideally,
baékground lighting will be kept as low as possible in any
future system as the edge obtained from the video output
using the collsr was still not as sharp as that in a

completely darkened roam,

"3.2.3. Focusing of Image

The bulb used for the photosensors had a very fine,
closely.wound filament. The filament is focused by the first
lens to give uniform light output across the width of the
sensors, '

Lonversely the headlamp bulb had = very coarse, loosely
wound filament and when fhié was focused on the array, the
pattern of the filament showed up as alternate light and
dark patches! To get round this the lens was moved to half
its focal length from the filament, This will produce a
divergent source of light which may not have completely
uniform light intensity across the length of the array.,

This is not as important to obtain with the array as with
the photosensors. However the filament pattern on the

array was now 'blurred out',
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3,2.4, Wavelength of Light Source

No mention hes been made sc far of the spectiral
response of the photodiode array. A graph of this is given
in appendix 2 showing that the penk response of the array
is in the infra red. Ffor light a2t the visible wavelength
only, the responsivity of the crrzy is roughly & hrs1f of
its maximum, Mo figurees were olisired #s to the infra red
content of the healocen headl=np hulb used but considerztion
of this should be given in any future system especislly

with regard to inserting smoke in the tunnel,

3,3, TILLUMINATION ARRANGEMENT FOR ARRAY

The arrangement finally used with meessurements is

shown in figure 10,

S1iit

perpendicular

to filament.

Width: O0.5cm. Model

- Photodiode
@ array
13mm:r

30cm ! 13mm '

ale al
KA L

Len

[¢/]

rJ >

»

Figure 10, Illuminaotion Arrangement for Array.

Assuming the light to be a point source and knowing the
phqtodidde array length, the maximum movement of the model
detectable with these dimensions can be estimated, The
array is 13mm. long, so a movement of the model through
8.125mm, will cover the entire errey length. The erray

is 512 elements long so the resolution is 0.0159mm. The
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resolution can be made smaller (i.e, better) by moving

the model towards the 1ens,or the meximum detectaile distrnce

can be made lzrger by moving the model towards the array,.

SESRRRRRERERRRRRRRD

+ mmimy
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4, CIRCUIT DTSIGM

The video outsut of tie I.P.L, bLoard it to e converzed
to & 2ero to & volt enclogue signnl, the voltage being
proportional to the position of t'e shadow zlong the array
i.,e, 5 volt output if the array is completely illuminated,
zero output if the array is covered, It was decided to
produce first a digital binmary output, then convert this
using a D-~A converter to give an analogue output, A block
diagram of the circuit is shown in figure 11 and the initial
circuit diagram of the comparator, counter and latches in
figure 12, A complete circuit diagram of =211l additioneal
circuitry designed is shown in figure 15 at the end of this
chapter, FEach circuit block will now be considered

separately:

4,1 THE COHPARATOR

A comparatar is used to threshold the input and to
determine an arbitrary voltage where the video signal goes
from light to dark (or vice versa), The comparator is
designed to be variable over the threshold reznge: 1 volt
to 9 volts, so that the optimum level can be selected

depending on the lighting conditions,

4.2, THE COUNTER

There is available from the I.P.L. board, the clock
signal and pulses which start the scan across the array.
It would be convenient to use the board clock to clock
a counter which is free to run until the comparator output
goes low i.e, when the array goes dark, This number can
then be run onto latches and the counter reset to zero
at the end of the scan., Thus the latches will be recet
once every scan., The circuit employed is going to try and
use the scan start A pulse {(ssA pulse) to both enable the

latches and the counter without losing the first bit of
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video information, In order to do this the relative
position of the scan start pulses and the clock must be

considered, The waveforms are shown in figure 13,

The counter counts until the comparator output goes
low (and thus the clock input steys high). The ssA signal
is ccnﬁectedrstraiéht to the ciock input on the D type
latches, These transfer data to their output on positive
edges so this is done at the beginning of the ssA pulse
(and takes approximately 25ns)., The ssA signal is connected
to the ~reset pin on the counter vis a delay of two nand
gates (about 50ns), The reset has an active high input so
the counter is now reset to zero and held there until ssA
goes low,

If the beginning of the array is illuminated, the
comparator input will go high at the beginning of the ssA
pulse, thus enabling the counter clock input, The clock
to be used is the master oscillator (figure 13) whieh is
high for roughly twice tfie time that the ssA pulse is, 3So
when the ssA pulse goes low the counter clock -which is neg-
ative edge triggered will start counting on the first

element,

WWhen this circuit was tested it was found that in
fact the cougter was not being reset., This was due to the
output from the two nand gates delay having a slow rise
time and appearing to not reach the full +15 volts., One
solution of this is to insert a schmitt trigger after the

nand gates to sharpen up this pulse. In this case it

N

was decided to use the ssB pulse to reset the counter to -
save on using another integrated circuit, This doe$
however megn that the first photodiode on the array is not
used. This is not important for this system, but if for
instance two or more of these arrays are to be used placed
seriolly to give a larger scan length, then it could be
important to utilise all photodiodes,

There is a space of B clock pulses between the 512th
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photodiode being clocked and the ssA pulse., So when all
the photodiodes are illuminated, the counter in fact counts
to 519 since the video output has a slow fall time and

the comparator does not detect a gap of 8 bits,

4,3 THE LATCHES

The 4013 D-type flip flops were the only suitable
memory tircuits available, The latches have to store the
information from the counter between successive ssA pulses,
During the ssA pulse this information must be clocked onto
the outputs and stored until the next pulse, These latches
require just one input, The 4044 latches recuire separate
set and reset inputs which is not suitakle for use trere,
The optinmun latch to use is the 404Z: guad clocked D-type
which has 4 D-type iotches per chip requiring no seprraic
set znd rcset inputs, This would halve the 'chip count!

for the lotches,

4,4, THE LEDS -

Ultimately the wind tunnel will lie controlled bv a
computer which will require the digital information on
the output of the latches, For the moment this digitel
information was shown visually as a binery readout of
position on 10 leds, 1hese reouired 30mA each 2nd the
driver circuit is shown in figure 15, This circuit can
supply up to 26mA, 10 leds, at maximum renuire 260mA and
on the prototype Dboard this supply is delivered from a

separate +15 volt supply.

4.5, B BIT D-A

512 elements indicates a 9 bit D-A converter is
required, A 10 bit one was ordered but a long delivery
time was cuoted, CSo at first a readily available 3 bit
D-A was used (RS: DAC 0800) znd the least significant bit

was discarded, thus halving the resolution of tre array,
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The circuit dirsyram is siinwn in {igure 14, This [C-A
has a typical settling time of 100ns, It recuires =
refcrence current {(which controls ti:e outnut current) =nd
this must be fed by @ etelle refurence voltage, In this
case the reference voltage was tsken from the +135v. supply
using two decoupling resistors and two capacitors. The
addition of an op-amp to the D-A provides a low impedance
output, and the output voltaye swing can be adjusted Etoth
in maximum amplitude and range (by use of the offset null

pot.). -

4,6, 10 BIT D-A

Shortly efter the 8 bLit D-A had been connected, the
10 bit D-A arrived. Appendix 3 gives the information
sheet supplied with it, The circuit diagram is shown in
figure 14 ard ceslculations ére given in appendix 3,

A separate 5 volt source was used for the D-A supply
and current reference, This is not necessary and could
be taken from the +15 volt source, suitebly divided down

and decoupled, if recuired.

4.7, 'LATCH UP' GATES

It was stated in section 4,2 that the counter counts
to 519 when the array is completely illuminated, Thus
when using the B bit D-A the output was a maximum at 511
and dropped to zero at 512 to 519, Although in the test
wind tunnel it is not intended to operate the sample models
at the extremes of the display, this effect will make the
placing of the models in the first instance in the tunrel,
difficult., When the array is completely lit, the control
system will react as if it is completely dark since the
D-A output is zero. The magnetic field will therefore
be attempting to pull the model up as hard as possible,

As the model is lowered in, the D-A output will suddenly
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swing to maximum, thus the magnetic field will drop and
the tendency will be for the operator to push the madel
out of the tunnel Lefore reacting to the sudden change
in field.

This situation is also not desirable since when the
magnetic coils are switched on and no model is in the
tunnel, one prefers them to be carrying just quiescent
current rather than the 35 to 40 amps. maximum they do when
the input from the sensor is zero. It was therefore
decided to latch the output of the € kit D-A t i:ts
maximum when the bit count exceeded 511, This figure was
chosen as tiien the 10th binary hit could be used to drive
the lzatches,

The method used was to insert dual inputlor\gates
between the outputs of the D-tvpe flip flops and the inputs
to the D-A (see figure 15). The other input of all of these
gates was connected to the 10th bit so when this goes
high all outputs of the or gates (and thus inputs to the

D-A) are high and stay high until the 10°"

bit goes low
again,

When the 10 bit D-A replaced the 8 hit, it was
considered whether to remove the or g¢gates, since thre 10
bit can cope with the number 519, 1In fact the or gates
were left since, if ever the I.P.L, board is used with a

1024 element array, the 10 bit D-A can still be used and

the 11th bit from the counter used to control the or gates.

4,8, INTERFACE CIRCUIT

The existing control system consists of several
amplifiers and summers using LM308 op~amps, The inter-
face circuit, which goes between the output of the D-A
and the input to the existing control system, was built
on a card which was inserted into the control system rack.,
The circuit is shown in figure 15,

A switch was incorporated to change the input of the
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heave contreol loop from the photosensor to the photodiode
array. The point where the D-A signal is applied requirec
an inverse signel to what was originally thought so an
op-amp was built with a gain of -1, 1In use it was
discovered that the model was not steady. It 'jittered'
occasionally due to transients and quantisation effects

from the D-A output being greatly amplified in the control

e

circuit., Thus a D.%pF cepacitor was added in parallel with

JEE

the feedback resistor of the op-amp, thus giving an

inverting filter with a roll off fée&denéy of 79,5Hz,

T
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S, OPERATICH AKD TESTING

No problems were experienced in floating s mocel
using the array, and switching between the two sensing
systems could be carried out while the model was in the
tunnel with no detectable difference in performance with
either system, This section is divided irito two peorts.
The first discusses celitration tesis, the second forging

tests in t'e tunnel,

5.1 CALICRATICH T¢ 0T

The first test to te cerried out wrs to calilrete thin
hezve position of the model with <the output of the U-4,
and make sure that they had a linear relatianship, (The
existing photosensors were used to control pitch motian),
In order to do this, an optical Lench was placed along the
bottom of the tunnel. Mounted on this wzcs a lens holder
which could be moved up and down with a vernier adjuster
giving readings &accurate to 10—2mm. The top~edge of the
lens holder represented the model and intercepted the
team of light es it was moved up and down.

In-the test the scanning freonuency used was 1 KHz,
(i.e. D-A teing updated at a frecuency of 1 Kilz.,). The
video illuminated output was 10 volts and background
lighting gave about 10mV, Graph 1 shows three calibration
tests for the op-emp threshold voltace set et Zv., Sv.
and 3v.

The relaticnship betwren cdistiance @nd ootput is liresr
in a2ll three cases cnc tiie totel wmovement sensed sy eact
of them is 7.92mm,

The relative difference in position of the three lines

is to be expected. If one refers to figure 7, it cen he
gseen thest tiie three tiresnold volitages used are at different
points up and down the video output curve. Graph 1 cives

-

approximately 0.,2mm in difference between the 2v. and Sv,
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31,

and between the 5v, and Ov, lines. (The difference of 0.2mm
is the same if one refers bcck to figure 5 and considers

the width of fhe high output in the third waveform at the
different threshold voltages).

5,2 SMOKE TEST

Cne of the most important reasons for investigating
the use of the photodiode array in the tunnel was that by
using the principle of detecting tiie edge of a shadow, one
should be able to insert smoke without affecting position
readings, Therefore testing of this capability weas
regarded as important.

The smoke was 'simulated' by leyers of polythene cut
from polythene bags. These were placed directly over the
collar, i.e. only about 4cms, from the array, This is ec-
tually the 'least sensitive' position for the polythene
as the light will be less scattered by it placed here
when it reaches the array as opposed to the polJtHene faor
instance being placed directly over the source,

For these tests the bulb was run a2t 50 watts and the
input threshold was set to the minimum level possible:

2 volts. One measuring system was used to test tiie other.
However two preliminary sets of results had to be taken

first:

(i) The photosensor system had to be calibrated as was
the photodiode array in the last section., This is shawn
in appendix 4, Only about half the range was covered as

this was all thet was required,

(ii) The light attenuation by the layers of polythene
had to be calculzted, This was done by placing the poly-
thene over just one of the photosensors and these results
are shown in appendix 4, 2.44 volts is equivalent to
maximum light and zero volts to complete.darkness. An

additional linear scale has been added with 100% corres-
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ponding to 2.44 volts and 0% corresponding to zero volts

- this gives the light attenuation, 1In the first tect the
photodiode array controlled the heave motion and the layers
of polythene were placed over it. As this was done the
output of the photosensors gave a reading of the movement
in position of thc model and this is plotted in graph 2

as position against attenuvation of light,

Sixteen sheets of polythene vere pleced over the
array before the model went out of control. The graph
shows that at 50% of original light the model has moved
by 0.218mm and even at 30% by only 0.436mm, To put this
in perspective, 0,218mm represents only 2.7% of the totel
length of the photodiode array and thus represents
movenent of about 14 photodiodes only,.

kith the light level kelow 30% of original the model
starts to move much further ond eventually goes out of
control below 10% of the originmel light level,

In the second test the two sensing devices were used
the other way round, with the photosensors controlling
the heave motion and the photodiode array indicasting the
movement while the polythene wes pleced over both of the
photosensors., As.expected, the photosensors were for lecss
immune to the polythene, V¥ith one layer of polythene,
the model moved by 1.,6mm., with two by a further 2,15mm,
and with three it went out of control! These results are

not plotted on graph 2!
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6., FURTHER WORK

Much still remains to bhe investigated about the use
of the photodiode array, and points rzised by this report

are considered in this section.

(1) Only one array has Leen used so far, The next stage
is obviously to set up two arrays to control pitch es well

as heave,

(2) To sense a larger range of movement it mayv be
required to extend the 512 elenent array to a longer one,
The I.P.L. board will teke a 1024 elenent array giving
twice the existing sensing length. The 10 5it D=-A in
use can be operated with a 1024 array since =2t precsent one

cf its bits is not kbeing used,

(3) It may be important in future to access the firct
photodiode of the array which at present is being nissed,
This could be used if sujgestions in section 4.2 are
carried out. Alternatively the ‘end of sca;'ﬁdise could bhe
used from the photodiode array (on pine 1 z2~d 15) ond 1lis

used to open the latcies ond reset the counter during the

B pulse gap at tte end of the ccan,

ok

(4) It is not known how much ettenuction of light will
be caused by swoke in e wind tunnel and thus whethker the

results obtaired with polythene are acceptatle,

(5) This photodiode array is more responsive to infra
red light than visible light, Since scettering of light
is very low in the infra red spectrum, this will almost
certainly be a method of overcoming the smoke problem.

This is regarded as a most important point.

(6) It is not known what sort of conditionms will be
encountered in any future wind tunrel but no considera%ion

has been given to the effect of dirt on the array window,

EREREERER
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It is suggested that the wind should keep the window clean,
and from experience, small particles of dirt, fluff ond

hairs do not affect the output.

(7) The temperature inside wind tunnels can get very
low and it is not known if this will affect the photodiodes!
response. 0One would suspect that impurity levels with
energy levels between the valence and conduction bands
would be frozen out and so there will be no effect as long

as one works with light frequencies greater thanm the bSand

g&pe.

(8) Again, the photodiodes may reasct to very strong
magnetic fields such as will be encountered and this must

be investigated.

(9) An optical reflective target system was mentioned
in the introduction, (see appendix 1), Tkis can be looked
into with a view to using models that are not 'specially

shaped,
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7, CONCLUSIONS

It has been shown that photodiode linear arrays can
be used to detect the position of models in a2 wind tunnel.

The method of thresholding the video output signal
from the array and converting it to a binary digital then
an analogue signal has proved satisfactory. Much thought
however has to be applied to the optical system to obtain
a sharp transition from light to dark on the array,.

The output of the system has a linear relationship
with the pocsition of the shadow on the array., It has =also
been shown that the photodiode method is relatively immune
to smoke in tie wind tunnel, the light intensity having
to be cut to below 10% before the model goes out of control.
Further investigations are required concerning this, in

particular, the capability using an infra red source,
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OPTICAL REFLECTIVE TARGET SYSTCH

This system involves putting optical targets on the
wind tunnel model, These targets have a sharp transition
from a highly reflective surface to a matt black non-
reflective area and when light is shone at this transition
edge it will cause a shadow on the photodiode srray - see
figure 16. The advantage of tihis metiod is thet there
will be greater flexibility in the shape of the models

that the wind tunnel can accommodate.

MULTIPLE ——
OPTICAL - - -
TARGETS ON -
MODEL ~ -
\
~ -~
~ -~
LENS ST~
ASSEMBLY—} IMAGE OF
. TARGET
\ -
MULTIPLE B N
~ DIFFUSE A\ PHOTODIODE
ILLUMINATIO ARRAY

Figqure 16, l‘'ultiple Optical Target Svstem,
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IPL M Series
ArrayData

infermation sheet

U N

Features

B Arraysof 256, 512, or 1024
on .001” centres

B Scan speeds to 10 MHz

B Recharge mode signal output.

Introduction

The IPL M-series of arrays are silicon
self-scanned linear photodiode arrays
with integrated scanning circuitry
included on the same c¢hip. The arrays
are manufactured in three different
sizes, 256 elements, 512 elements and
1024 elements. The diode pitch is
.001". Two sizes of diode aperture are
available to enable users to select the
apertyre width best suited to their
application.
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puise irains O1 and P2. The array scan
is initiated when a scan start pulse is
applied at the scan start input terminal
The scan pulse is propogated through
the register alternatively by @1 and @2
A TTL timing diagram of the clock
pulses is shown In Fig. 2.

The shift registers can be operated
in several different ways. By clocking
the two reglsters alternately and
connecting the video outputs in
parallel a serial stream of video
Information Is obtained representing
every diode in the array. Alternatively,
by clocking the two registers in
parallel, and processing the separate
video outputs aach video output will
represant the odd and even diodes
respectively. A third alternative is to
operate the registers simultaneously
and connect the video outputs in
parallel. This gives the effect of a .002

“jnch pitch array with half the total

number of diodes being accessed. A
reference voltage termed V.ref. must
be applied to the shift register at all
times in order to operate it. This
voltage is nominally - 8.5V in value.
When all the photodiodes in the

array have been sampled, an output
pulse appears at the end of the scan
terminal which is provided for each
shift register. The end of scan puise

- - g:{' &
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|
lenp OF sCAN A
Shif —-——
loglu'.' ,_____._-I | O- |
A | |
| |
] |
| i
INTERNAL : :
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Io.ln:o' ..__———i ! <=7 1
’ "END OfF suuo l !
1" oroump | |
|
----------------- N
73
] L ves
oROUND
appears two clock periods after the FIG3

tinal diode is sampled. The puises are
referenced to the end of scan ground
terminal and this needs to be
connected to ground. A butfer circuit
for the end of scan is shown in Fig.3.

. The Photodiode Array

FIG 4
Charge (pC)

1

1%

w

] 10

Exposure (UW. sec. cM™)

13 30 23

The Photodiodes in the M array
operate in a reverse bias, light
integration mode. !n this mode, the
initial scan pulse propagated through
the shift register causes each
photodiode in turn to be charged to the
negative potential applied to the video
output terminal. During the period
before the subsequent scan pulse,
termed the integration time, the
photodiode loses an amount of charge
proportional to the total amount of
light incident upon it. The subsequent
scan pulse recharges the photodiode to
the video output terminal potential.
The amount of charge necessary to
restore the photodiode to this potential
represents the video signal. Hence a
readout of charge proportional to light
intensity is obtained.

The output charge Is directly
proportional to the exposure, exposure
being defined as the light intensity
multiplied by the integration time. A
graph of the output charge against
exposure is shown in Fig.4.
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The video output of the M array is a process the output signal from fhe iv.

L] ®
V'deo PfOCGSSIng serial train of charge pulses. to process  arrays. The boards are sold as an

these charge pulses I|PL recommend assembly called the MPDA.

the use of an Integrator with sample The video processor used in the
and hold circuits to producead.c. MPDA allows optimum performance
referenced boxcar output waveform, from the array to be obtained in terms

IPL produce circuit boards to drive and  of the signal to noise ratio.

Spectral Response and Responsitivity

The spectral response of the M arrays There js some variation of responsivity  light to which the array Is very

is shown in Fig.5. The response along the length of the array caused by  sensitive. Uniformity variations are
extends from the near ultra-violet to the manufacturing processes used to proportionally worse at infra-red
the infra-red region of the electro- fabricate the array. However, these wavelengths than visible. If light at the
magnetic spectrum. The peak uniformity variations also depend visible wavelength only is used, the
response occurs near 820nm. . upon the particular light source used ~responsivity variations are approx.
Theresponsivity figures given inthe  with the array. Tungsten light sources  50% of the figures quoted in the
specification section are mean values. contain a high proportion of infra-red technical specification.
Relative Response B FIGS
1:01
0-81 IPL Silicon
0-6 Photo-optic
Eye Response
0-4
0- 24
° 03 ) 05 07 - 0-9 o 11 ' 13

Wavelength (uM)

. . The maximum signal to nolse ratio that  significant at either temperatures
Signal to Noise ;

can be achieved with the M arrays above 30°C or integration times in
1 H depends on the output signal excess of 40ms. Fixed pattern noise is
COﬂSIdeQtIOﬂS processing used. Using the MPDA dependant on the shift register drive
system, a signal to noiseratioof 400is ~ waveforms, and can be cancelled in
typically obtained with a 512M array. the MPDA. The last component,
This figure is the ratio of peak output thermodynamic nolse, is the random
signal level to r.m.s. noise, Including non-repetitive fluctuation which Is
Fixed-pattern noise. superimposed on the dark signal. This
This noise contains three cannot be removed by the signal
components. Dark leakage current processing; however, it is negligible
non-uniformity, fixed pattern noise compared with the nolse in the signal
and thermodynamic noise. Dark processing circuitry for all normal’
leakage current is temperature applications.

dependant and only becomes

IPL reserves the right to change the products and circuits used in this information sheet in the interests of improved specifications, etc.
Methods used are typical at the time of going to print but are no! necessarily those most recommended. :
No responsibility is assumed for the use ol information contained herein, nor lor any infringement of patents or rights of others which E
may result from such use.

No licence is granted by implication or otherwise under any patent or patent right of integrated Photomatrix or others.
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Mechanical Details and Pin Connections L.

Pin Connections
256M 512M 16 lead DIL

1024M 24 lead DIL

Pin No Function Pin No Function
1 End of Scan A 1 End of scan A
2 Screen 2 Screen
3 V ref (both sides) 3 V ref (both sides)
4 B2A 4 N/IC
5 O 1A 5 N/C
6 Scan start A 6 D2A
7 Video A 7 1A
8 Screen and substrate 8 N/C
9 Screen and substrate 9 Scan start A
10 Video B 10 Shift reg. ground (both sides)
11 ScanstartB 11 Video A
12 g18 12 Screen and substrate
13 P28 13 Screen and substrate
14 Shift register ground (both sides) 14 V ref (both sides)
15 Endof scan B 15 Video B
16 End of scan ground 16 Shift reg. ground (both sides)
17 Scanstart B
18 N/C
19 g18
20 928
21 N/C
22 Shift reg. ground (both sides)
23 Endof scan B
24 End of scan ground
Package Details
Notes

1 Photodiode array centre line falls

R P

on the centre line of the packagetoa

tolerance of +0.010"
2 Chipsurface to package surface 0.051*

| 3 The refractive index of the package
; lid is 1.83

0-400

pe—— 0490 i 4 Allthe arrays scan towards Pin 1.

PHOTODIODI

e ]

U |
—~ hm ks,
=

CENTRELINE

5 Alldimensions are in inches.

0-300

PHOTODIODE
CINTRELING
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Technical Specificati | L5
echnical Specification - 5-
Performance measured at 20°C. Electro-optical parameters obtained with a tungsten filament source at 2870°K
Electrical Characteristics
Parameter Value Unit
Min Typ Max
Min. shift register operating frequency 100 Hz
Max shift register operating frequency 5x10* Hz
Minimum clock width . 200 . ns
Clock amplitude -23 -24 25 v
Scan start puise amplitude -23 -24 -25 \Y%
Clock crossover voltage . -2 \'
Scan pulse overlap on trailing edge of @1t 30 . ns
V ref (1pA max current) -8.5 \Y
Video line bias -10 v
Clock line capacitance
1024 170 pF
512 90 pF
256 50 pF
Video line capacitance
1024 60 pF
512 31 pF
256 17 pF
L] ® .
Electro-Optical Characteristics
Parameter Device Type Unit
M1 M5 M11
Responsivity 0.8 4.5 10 PA/UW /cm? (note 1)
Saturation exposure 21 3 1 MW sec/cm?
Saturation charge 17 14 10 pC
Uniformily of response +8 +8 +8 % of signal (note 1)
Dark fixed pattern noise 0.15 0.15 0.15 pC peak-peak {note 2)
Dark current equivalent 8 1.4 0.64 HWicm? at 20°C (notes 1, 2)
Centre to centre spacing 1x107? 1x10°3 1x10°? inches
Aperture width 1x10°? 5x10°? 11x 107 inches (see note 3)
Absolute Maxi Rati
solute Maximum Ratings
) Min Max
Voitage applied to any pin with respect to substrate +0.2 -30 Volts
Ambient operating temperature -10 +70 *'C
Storage temperature -20 +85 ‘C
Notes
1 Using a 2870K tungsten light source.
2 A + 2V bias applied to pins 2, 8 and 9 (256M and 512M) or pins 2, 12, and 13 (1024M) with respect to the
shift register ground pin reduces these figures to approximately 60%.
3 The wide aperture array Is specified by the suffix after the letter M. The 256 M5 is the 256 element array
with the 0.005" aperture.
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LOW COST, 10 BIT MONOLITHIC
DIGITAL TO ANALOG CONVERTER

il Liadh v aded w

[PPSR,

FEATURES

» 10 Bit Resolution

» Straight Binary Coding
» Current Qutput

» 250 nsec. Settling Time
» TTL/CMOS Compatible
» Low Cost

GENERAL DESCRIPTION

The DAC-IC10B is a low cost, 10 bit
monolithic DAC with fast output cur-

.z rent settling time. It is packagedina 16
2 pin ceramic DIP and requires only an

-
! external reference and operational
amplifier for voltage output operation.
A full scale change in output current I DIGITAL INPUTS L8
! settles in 250 nanoseconds, and with a BITNO. A 5 5 1 8 8 10
! fast 1.C. op amp (such as Datel Systems @G OIO) ®®m M
AM-452) a 10V output change can set- L] ] N | ]
ln tle within 1 microsecond. Digital input
' coding is straight binary for unipolar - OuTPUT
i ) operation, and offset binary for bipolar FAST CURRENT SWITCHES . 2 CuRRENT
T operation; the logic inputs are compati-
- ble with TTL or CMOS. LI LT T T T
! This converter is manufactured with TRIMMED R.28
monolithic bipolar technology. The cir- LADDER NETWORK
) cuit incorporates 10 fast switching cur- i =
- rent sources which drive a diffused +AEF (16 .
; resistor R-2R network. The ladder net-
work is laser trimmed by cutting alumi- -Rer (15) p g::g .
' num links. The circuit also contains a REFERENCE w S0 Y 14) - vee
“ reference control amplifier and a bias AMPLIFIER >
: circuit. An external reference current ]
: of 2 mA is required at the + Reference
i input terminal; this is accomplished by 9) 2
- an external voltage reference and a “VEE GROUND
. metal film resistor.
‘ Other characteristics of the DAC-1C10B )
i include linearity to =% LSB and guaran- INPUT/OUTPUT
- teed monotonic performance. The gain MECHANICAL DIMENSIONS CONNECTIONS
i temperature coefficient of this unit is INCHES {MM)
: typically —20ppm/°C. Qutput voltage PIN | FUNCTION
. compliance is —2.5V to +0.2V, permit- 18 ’ 1 1 —Vee
- ting direct driving of a 625 ohm resistor ;""‘EL"‘ 2 [ GROUND
; for a voltage output. The reference SYSTEMS 3 [ QUTPUT CURRENT
i input current can be varied from 0.5 mA DAC-ICI08C 4_|BIT1IN(MSB)
: to 2.5mA to give monotonic operation REF TR e g SII;“':
- as a one or two quadrant multiplier. Vo foosax e 7 TET <IN
' Power supply requirement is +5VDC L 07379:»‘"( 8 18IT5IN
; and —15VDC. The DAC-IC10B is avail: | o mort= 2o
P n able in three models covering two asi 4 ‘ T 18IT8IN
temperature ranges, 0°C to +70°C and I f —oeuMax 12 [BITOIN
. —=55°Cto +125°C. 2 MAX Doishax ) 13_[BIT10IN
i B ¥ e 5 REFERENCE
. - 16 +REFERENCE
.




VEC +cv e vnnnreeninnnnnnas +7.0 Volts
VEE + v ceventastvnasrennnns +18.0 Volts
Digiul lnput Voltage......... +15 Volts
Output Voltage, Pin 3......... +0.5, —5.0 Volts
Ref.Current................ 2.5mA
DiH. Ref. Voltage . ............ 0.7V
INPUTS
Resolution. ................. 10 Bits
Coding, Unipolar Output. .. ... Straight Binary
Coding, Bipolar Qutput....... Oftfset Binary
Input Level, Logic *1"........ +20to +15vV @ +40uA
Input Level, Logic“0"........ Oto +0.8V@ ~0.4 mA

Nom. Ret. Current, Pin16..... 20mA
Reference Current Range....0.5 mAto 2.5 mA

Rel. Bias Current, Pin 15.. ... —5 uA max.
OQUTPUTS
Qutput Current. ............. 40mA 0.2 mA
Output Current Range. ....... 0t0 5.0 mA
Output Current, All Bits “0”...2.0 uA max.!
Output Voltage Compliance ... —2.5to +0.2V
Output Capacitance.......... 25 pF
PERFORMANCE
Linearity Error,B,BM . ... .... *1% LSB, max.
BC........... *1 LS8, max.
Diff. Linearity Error.......... 2% LSB
Monotlonicity, B, BM. . ....... Full Temp. Range?
BC............ At 25°C
GainTempco................ -20 ppm/°C,
60 ppm/°C max. 3
Ref. Current, Slew Rate. ...... 20 mA/usec.
Rel. Current Settling. . ....... 2.0 usec.*
Output Current Settling....... 250 nsec.®
UpdateRate................ 4 MHz
Power Supply Sensitivity. .. ... 02%/% max.
POWER REQUIREMENT
Vcc Voltage. .. ............. +5 VDC =0.25V
Vec Current. . .............. 18 mA max.
Vegg Voltage. . . . ............ -15VDC =0.75V
Veg Current. . ......,....... -20 mA max.
PHYSICAL ENVIRONMENTAL
Operating Temp. Range
DAC-IC10B, BC .......... 0°Cto +70°C
DAC-IC10BM............. -55°C to +125°C
Storage Temp. Range. . ...... —65°C to +125°C
Package.................... 16 Pin Ceramic DIP

NOTES:

1. 4.0 uA max. for DAC-IC108C only.

2. All converters in this series typically retain rated mono-
tonicity for values of input reference current from 0.5
mAto 2.5 mA.

3. 70 ppm/°C max. for DAC-IC10BM only.

4. Zero to 4 mA output change to 0.1%.

5. Full scale change to % LSB.

ORDERING INFORMATION

OPER. TEMP
MODEL RANGE
DAC-IC108C 0°C to +70°C
DAC-IC108 0°C to +70°C
DAC-IC10BM —§5°C to +125°C

THESE CONVERTERS ARE COVERED
BY GSA CONTRACT.

1. The General Connection Diagram shows the basic
connections for the converter. The scale factor is
set by a reference current injected into pin 16. Pins
15 and 16 are the input terminals to the reference
control amplifier. When connected as shown, pin 15
is grounded through R.s and pin 16 is at virtual
ground. Therefore, the reference current is deter-
mined by the external voltage reference and Ris:
Irer = Vrer/Ris. Ris should be a stable metal film
resistor. Ris is used only to compensate for the
input bias current into pin 15 (1 pA typical). Ris,
if used, should be equal to R:s and may be a carbon
composition type. An Iggr of 2.0 mA is recom-
mended for most applications.

2. There is a second method of connecting the refer-
ence shown in Two Ways to Connect Reference. A
negative reference can be applied to pin 15. In this
case only the bias current must be supplied from
the reference since pin 15 is a high impedance
input. Pin 16 is at the negative voltage and |ger
still flows into pin 16. Again, R.s is used only to
compensate for bias current. There is an important
requirement for this connection: the negative refer-
ence voltage must always be 3 volts above Vgg.

3. lout is inversely proportional to the reference input
current (irer) times the digital word. Scaling of the
applied reference can be represented as follows:

VREF An
loyr= -2 — —
RREerF 2"

where n = 10 (10 bit DAC)
An = digital code

Note: 1) The largest digital code for a 10 bit DACis 1023.
2) The reference current is scaled by a factor of 2
within the DAC. . .. .

Example:
2.5V 1023
lout(FS) = -2 —— —
1.25K 1024
= —3.996 mA {nominal)

lout {ZERQ) = =2 2V 2
1.25K 1024

= 0 mA {nominal)

4. The reference amplifier is internally compensated.
The minimum reference current supplied fromacur-
rent source is 0.5 mA for stability. .

5. The voltage on pin 3 is restricted to a range of
—2.5V to +0.2V. This compliance voltage is guaran-
teed at 25°C and nearly constant over temperature.

6. Full scale output current of 3.996 mA is guaranteed
for input reference currents to pin 16 between 1.9
and 2.1 mA.

7. It is recommended that pin 14 (Vcc) and pin 1 (Veg)
always be bypassed to ground with at least 0.1 uF
capacitors located close to the pins.

8. The accuracy of the converter is specified for a ref-
erence current of 2.0 mA; the accuracy, however,
is essentially constant for reference currents from
1.5 mA to 2.5 mA. Typically, this device is monotonic
for all values of reference current above 0.5 mA.
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9. For fastest voltage output settling times in either
unipolar or bipolar modes, two circuits using Datel
Systems AM-452 monolithic operational amplifiers
are recommended. These circuits, with the compen-
sation shown, result in output settling times of typi-
cally 550 nsec. for a 10 volt change to 1 LSB. This
is the worst case settling time which occurs when
all bits are turned on. For current output and Ry less
than 500 ohms, this time is 250 nsec.: when all bits
are turned off the time is shorter, typically 100 nsec.
The two circuits shown also illustrate a simple
method of deriving both reference current and offset
current from a precision 6.4 volit Zener reference
diode.

. Both one and two quadrant multiplication are also
possible with the converter as shown in the two
diagrams. Vin is shown operating into pin 16; this
results in an input impedance of 2.5K. Alternatively,
Vin can be applied to pin 15 for a high impedance
input as explained previously. The range of Vin is
then O to —10V. For two quadrant multiplication Vin
is unipolar and the digital input is bipolar with offset
binary coding. Vour then varies over the bipolar
range of =5 volts. In multiplication applications, it is
recommended that full scale Irer be set to 2.0 mA;
the output is then monotonic as the reference cur-
rent varies over 0.5 mA to 2.0 mA.

-
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GENERAL CONNECTION

+SvDC

0.1uF
8IT ;

MSB 1 O~
2 O—
3 O——
4 O—o
5 O—
6 O—rp
7 O—
8 O—
9 00—
LSB 10 O—

4

3wy na

1

12 2
13,

~16vDC

DIAGRAM

ngr = Vrer/Pag

Ris  laer

MF-Metal Film

A

TWO WAYS TO CONNECT REFERENCE

VRgr
+

CONNECTION FOR BIPOLAR VOLTAGE OUT
+5vDC

MS8 1 O—f
2 O——
3 0—
4 O——f
5 00—
8§ O—da89
7 0———10
8 0—1y
9 0—12
LS8 10 0—113

W N AW~

L R gma VREE o
L] 1

CONNECTION FOR DIRECT VOLTAGE QUTPUT

+5VDC

= 0.4uF

BIT
MS8 1 o—f
2 O—

4

4 ool
5 O—
6§ o0—9
7 Om—rm
8 O
9 O-—
LS8 10 0—

MF-Metal Film

DIGITAL 4 TO 20 MA OR

+WVL00# (MUST NOT EXCEED

1TO S VOLT CONVERTER I (VEC of T4 -3V)
TioBmA
499K .u!" <on won
wer () v out QudmA
DAC-C108 I? o MPS ABS
MPS Ale
tma I 410 20 mA
v
MPS A4 0 twiy
O+2Vv
RLoOP « 2G0
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£V, Y

ONE QUADRANT MULTIPLICATION TWO QUADRANT MULTIPLICATION

-5V +5v
0.1F I 0.1uF I
ar N 4.99K 1%MF 8iv " 4.99% 1% MF
I MSB to—4 18 f—0-ANA—O Vin 10 TO + 1OVI MSB 10— 4 8 Vi 10 TO + 10V)
, 10—s 15 zf“VVm\r o 205 " 4 9% AAA-
E3 : 5K ME 249K 1R MF
Jo—¢ 3o0—i6
to—47 . 3} s0—47 3
216 DAC.
so—{ o o so—{8 iCtom .
v +
§o—19 070 + 1oV g0—° vour(25¥)
7 o0—v 10 2 '—-03 70— 10 2 -——01-
-
so—qn so—n 1.6K1 %MF
po—in2 so—o{mn o
158 10Wo—1d ' LS8 Wwo—{ N .
2 0.pF ; 0.t%F T
i Yy = -y
. FAST, UNIPOLAR VOLTAGE OUTPUT FAST, BIPOLAR VOLTAGE QUTPUT
; GAIN ADJ. +8.4Y GAIN ADU.
, » 5V « 5V +54v
+ 18V v O+ 15V
215K
1%
' 0.1uF I 0.1.F I
-
A IN4S71
8ir T ar m o
MSB 1 O——14 MS8 10——14 o
A s
20— 20—1s 15 —0—’\/\/\in A
J0—8 30—ie =
o—oi 40—17 4
: Do o—1ls G0 lour
50—18¢ s Y s 8 @ o
o—i Vout so0—9 vout |- SVTO + 5V}
¢ N ] 070 + 10V A% OUTPUT SETTLING
7 0——f 10 = 47pF  QUTPUT SETTLING 70— 2 —01 4.7pF = S50 NSEC. TO 1LSB.
= S50NSEC. TO 1158 s " =
so— 1 = = L o— - F =
yo—f12 so—12
NOTE: 2 15V POWER SUPPLY
\SB Wo— 13 NQTE: 2 15V POWER SUPPLY LSB Wo—{13 CONNECTIONS NOT SHOWN FOR
1 CONNECTIONS NOT SHOWN FOR 1 PO
AMPLIFIER
0. 1uF T
-

—
1. Select the desired output range by means of the feedback resistor of the external operational amplifier and
the externally programmed reference current. '
2. Zero and Oftset Adjustments| For unipolar operation, set all digital inputs to “0" (OV to +0.8V) and adjust
the output amplifier ZERO AD.!USTMENT for zero output voltage. For bipolar operation, set all digital in-
' puts to "0” (0 to +0.8V) and adjust the OFFSET ADJUSTMENT for the negative full scale voltage shown in
the Coding Table.
3. Gain Adjustment|/For either unipolar or bipolar operation, set ali digital inputs to "1" (+2.0 to +5.5V) and
: adjust the GAIN ADJUSTMENT for the positive full scale voltage shown in the Coding Table.
INPUT CODE UNIPOLAR OPERATION — STRAIGHT BINARY INPUT CODE __  BIPOLAR OPERATION—OFFSET BINARY CODING
M38 Lse 070 +5v 070 +10V O0TO-2MA | OTO -4MA ]| MSB LS8 x5V *10V T1MA TIMA
SRR EEEBEEE] +4.995V +9 880 =1 MA -3 TT 1111 1111 | +4990V [ + 9980V ~0.958MA | - 1.096MA |
11110000000 +4.375% +8.750 -1.750 -3.500 1110000000 +3.750 + 7.500 -0.750 -1.500
"11100000000 +3.750 +7.500 -1.500 ~3.000 1100000000 +2.500 + 5.000 -0.500 - 1.000
1000000000 +2 500 +5.000 -1.000 -2.000 100000 0000 0.000 0000 0.000 0.000
0100000000 +1.250 +2.500 -0.500 -0.100 0100000000 -2.500 - 5000 +0.500 +1.000
10000000001 +0.005 +0.010 -0.002 -0.004 0000000001 -4.990 - 9980 +0.998 +1.996
10000000000 0.000 0.000 0.000 0.000 0000000000 -$.000 -10.000 +1.000 +2.000
i -
'_W L Printed in U.5.A. Copyright ¢ 1978 Date! Systems Inc. All rights reserved

b

1 ZZ4SYSTEMS,INC. 11 CABOT BOULEVARD. MANSFIELD. MA 02048 / TEL. (617)828-8000 / (617)339-8341 / TWX 710-346-1953 / TLX 861340

Santa Ana. (714)835-2751, |L A (213)933-7256 » Sunnyvale, CA (408)733-2424 » Gaithersburg. MD (301)840-9490 ¢ Houston, (713)932-1130 » Dallas, TX (214)241-0651
OVERSEAS: DATEL (UK) LTD—TEL. ANDOVER (0264151055 « DATEL SYSTEMS SARL 620-06-74 » DATELEK SYSTEMS GmbH (089)77-60-85

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 1/78  Bulletin DTCJ10810
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APPENDIX 111 (cont.)

CALCULATICNS FOR 10 3IT D-A

The circuit diagram used for the 10 bit D-A is shown
in figure 14 in the report and reference will need to be
made to this and tihe data sheet,

The output voltage swing as the counter goes from
zero to 511 must bLe cclculated at pin 3. In order to do
this, the reference voltage between the two 100w
resistors et pin 16 must be estimated. Regarding pin 16
as a virtual eerth, one obtains Z.4 volts for this figure

with @ 5 volt supply and & 1.,72KA series resictor:
(RN

Then 1 (full scale)

out
= -2 2o 511 = =2mA
1.2 - 1024

This flows through a 68Ceresistor at pin 3 so voltage

swing is:
-1,36v at 511
to Ov at 0

The op-amp resistors used on the output then give, with an

input of -1,36 volts, an output range of 2.8 volts to 6.9 volts.
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APPENDIX 1V

GRAPHS: PHOTOSENSOR CALIURATION AND LIGHT ATTENUATION
BY POLYTHENE
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GRAPH 3. Photosensor Calibration Curve.
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APPENDIX V

COSTING

Apart from the I.P.L. board and the optics system,

the remaining components cost the following:

1x 4011 G=23
5x 4013 2=80
1x 4040 1=02
2x 4071 0=50
1x TLOB1 0=24
1x 741 0=23
10x BC1iB2L D=70
10x LEDs 1=10
22x Resistors 0=22
2x Capacitors 0=18

10 bit D-A:
DATEL IC10B 7=82
Associated components 0=77
TOTAL £15=81

8 bit D-A:
DAC 0800 2=04

Associated components 1=07
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